Blakely, Sokoloff, Taylor & Zafman LLP (714) 557-3800 

Title: Memory with Memory Clusters for Power Reduction in an 
Integrated Circuit 

1st Named Inventor: Ruban Kanapathippillai 

Express Mail No.: EV323393502US Docket No.: 42P14037D3 

Sheet: 1 of 58 



O 

o 





Blakely, Sokoloff, Taylor & Zafman LLP (714) 557-3800 

Title: Memory with Memory Clusters for Power Reduction in an 
Integrated Circuit 

1st Named Inventor: Ruban Kanapathippillai 

Express Mail No.: EV323393502US Docket No.: 42P14037D3 

Sheet: 2 of 58 



\ 



J 












c 


5 



I 



-J 



© 

> 

i 



A- 8 

2 5 



/I 



ri 



2 



E 
c 



s 



2 3 



5 

> 

3 




Blakely, Sokoloff, Taylor & Zafman LLP (714) 557-3800 

Title: Memory with Memory Clusters for Power Reduction in an 
Integrated Circuit 

1st Named Inventor: Ruban Kanapathippillai 

Express Mail No.: EV323393502US Docket No.: 42P14037D3 

Sheet: 3 of 58 





» i « 1 5 -* 
- 5 -S F to ^ 

2 S -p t5 x .c 



Blakely, Sokoloff, Taylor & Zafman LLP (714) 557-3800 
Title: Memory with Memory Clusters fpr Power Reduction in an 
Integrated Circuit 

1st Named Inventor: Ruban Kanapathippillai 

Express Mail No.: EV323393502US Docket No.: 42P14037D3 

Sheet: 5 of 58 



S3 1 



S"3 ^ 



■ 5oi 



3 



. SXAi 
5"50 



38*. 



2os 



i A, 



4 



4 



SJQA- 



SYfV 
5SH- 



5>~1 



rttX 5*2 04? 



alii 





52* 


1 — 


-i — ' 



I 




5" f tr 



f .562. 



Blakely, Sokoloff, Taylor & Zafman LLP (714) 557-3800 

Title: Memory with Memory Clusters for Power Reduction in an 
Integrated Circuit 

1st Named Inventor: Ruban Kanapathippillai 

Express Mail No.: EV323393502US Docket No.: 42P14037D3 

Sheet: 6 of 58 



Instruction 
Instruction 



Instruction 
Instruction 



, Outer Loop: ^ 
Instruction 



£,03 



Go^l Instruction 
► InncT Loop 

Instruction 



ion * 



Instruction 
1 End of Inner Loop 

Instruction A r 

Instrocoon 
End of OuteT Loop 
Instruction A 
Instruction 



Instruction (_ / f\U 
Instruction U ^ V ' 



MAIN OP 



MULT | 

ADD j 

M3N/MAX j 

NOP I 



NOP 

MIN/MAX 

ADD 

MULT 



20-bittSA 



2tM>ilpar3Pcl 
20bft serial 
40-bit extended 
20brt serial 



Control 3 Centre* 
Control 9 Ccntrd 
OSP, c^rtcnsions/ShaAm 
DSP * DSP 



FIG. 46 



Blakely, Sokoloff, Taylor & Zafman LLP (714) 557-3800 
Title: Memory with Memory Clusters for Power Reduction in an 
Integrated Circuit . 
1st Named Inventor: Ruban Kanapathippillai AWMA nvm\ 
Express Mail No.: EV323393502US Docket No.: 42P14037D3 

Sheet: 7 of 58 

A 6-bit specifier is used in DSP extended instructions to access memory and register operands. 



6- bit operand specu /: 
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Always postupdate 



This allows access to data memory, ereg and GfK 

* Bit 5=1: Use rX (X: 0-7) register to obtain effective memory address and post-modify the ptr Held by 
one of two possible offsets specified in rX registers. 

dmemfptr], ptr = ptr + offset 1, if off =0 
ptr = ptr + offset2, if off - 1 

• Bit 5 = 0: Access ac-page or GPR 

If Bit-4 is set to 0, JLben bits 3:0 control access to the general -purpose register file (rO-15) or to execution 
unit registers. 
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For shadow DSP instructions, tbe 3-bit specifier for operands is defined as follows: 
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Only the shadow DSP instructions can see the above modified page of execution unit registers. 



4-bit operand specifier: \^ 



Memory operands: (rX) specifies an access out of the data memory to the execution unit for the function 
that needs to be performed- The address for the access is specified in the rX register in the general register 
file that hold the 14-bit pointer (16K of addressing) to memory, 5-bit signed offset or a 3-bit unsigned 
offset mat can post-modify the address. In addition each pointer is typed for efficient SIMD processing and 
includes a permute control for rearranging data elements of a vector on the fly. The "podi" core can deal 
with 4-element 16-bit reaJ vectors or complex data directly. This ability to manipulate memory data directly 
reduces the instruction width greatly and allows efficient signaj processing. 



(rX): Memory Address Registers 
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5-bit operand specifier: 

The 5-bit specifier includes the 4-bit specifier for general data operands and the special purpose registers. It 
is used in RISC instructions. 
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Operand 1 Data Type: 


NjxS]R 


Operand 2 Data Type: 


N 2 x S 2 R 


Type Matching R: 


Max (N, or N 2 ) x Max (S, or S 2 ) R 




Fig. 13 A 



Operand 1 Data Type: 


N, x S, C 


Operand 2 Data Type: 


N 2 x S 2 C 


Type Matching C: 


Max (Ni or N 2 ) x Max (Sj or S 2 ) C 




Fig. 13B 



Operand 1 Data Type: 


Nj x Si R 


Operand 2 Data Type: 


N 2 xS 2 C 


Type Matching R+C: 


Max (Ni or N 2 ) x Max (Si or S 2 ) C 




Fig. 13C 
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Data Type: N x S(R/C) 

FIG- /7 



(rX): Memory Address Registers 



31 1 30j 29| 28 


27 


26|25|24|23|22 


21 1 20 1 19 


18[17|16[15[14 


13|12|11|10|9|8|7|6|5|4|3|2|1|0| 




cb 


permute 

I— - v ■■ 


o«1:(0-7) 

v — 


offO: (-16 to 15) 

- ' 


ptr pointer J 



^8 



FIG. / 



DATA TYPE/#GU-^ 

0000 : 
0001: 
0010: 
0011 : 
0100 : 
0101: 
0110: 
0111: 
1000: 
1001: 
1010: 
1011: 
1100: 
1101: 
1110: 



1x16 real 
2x16 real 
1x16 complex 
4x16 real 
1x32 real 
2x32 real 
1x32 complex 
2X16 complex 
4x32 real 
2x32 complex 
1x40 real 
2x4 0 real 
1x40 complex 

4x40 real (only for local add unit operations) 
2x4 0 complex (only for local add unit operations) 



1111: Reserved 



FIG. /f 
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